, and from salivary glands (Smith, 1956 ). In every case, though it has proved possible to isolate an occasional virus from the homogenized tissue, a high recovery rate is obtained only -when the tissue itself is cultured. The viruses isolated from these tissues have fallen into several groups, though the majority have been adenoviruses and herpesviruses. In addition to herpes simplex itself, varicella virus and several cytomegaloviruses have been recovered. A few strains of picornaviruses and at least one myxovirus-measles-have also been found. The remaining viruses are the H strains isolated from transplantable tumours, which may be members of the papovavirus group, or belonging to the OX 174 group of bacteriophages (Andrewes, 1962; Payne et al., 1964) .
Several viruses have been demonstrated in tumour tissue excised from cases of Burkitt's lymphoma (Burkitt, 1962) . From cases collected in Uganda six strains of herpes simplex have been isolated (Woodall et al., 1965; Simons and Ross, 1965) , while a herpes-like virus has been demonstrated by electron microscopy in cultures of the tumour cells (Epstein et al., 1964; Stewart et al., 1965) and in direct biopsy material (Allbrook et al., 1966) . Six agents, as yet unidentified, have been isolated from cases in Kenya (Dalldorf and Bergamini, 1964) . The isolation of a single reovirus has already been reported by this group (Bell et al., 1964) , and the present paper deals with the identification of this virus and its isolation from another eight cases in Uganda. Carr Hospital, Ngora, Uganda; and from five cases at the Regional Hospital, Mwanza, Tanzania. Maitland-type culture of all biopsies were set up in 6-cm. plastic Petri dishes with media A, C, and L. In some cases explant cultures were prepared in stationary tubes with a fowl plasma clot fed with medium C (Bell and Steyn, 1962) . Sheets of fibroblasts which grow from these cultures were passaged, 0.25% trypsin (Difco 1: 250) being used. Media A and C consisted of Hanks's BSS plus 2% (A) or 20% (C) calf serum and 0.5% LAH. Medium L was prepared from Eagle's MEM plus 0.2% NaHCO8 and 0.03 % glutamine. (Bell, 1962) Neutralization tests were carried out by mixing 0.25-ml. aliquots of serial twofold dilutions of serum with 0.25 ml. of virus dilution in medium A to give a final concentration of 100 TCD50 of virus per 0.2 ml. of mixture. The serum and virus were incubated for one hour at 340 C. before inoculating 0.2 ml. into two tubes of M.K. cells.
Methods and Materials
The prototype strains of reovirus types 1, 2, and 3 were kindly supplied by Dr. A. D. Macrae, Central Public Health Laboratory, Colindale, England.
Material was prepared for examination in the electron microscope as follows. Confluent monolayers of MAK. cells in 10-cm. Petri dishes were infected with the prototype strain of reoviru type 3 or two of the isolated strains-CAN 228/2 or CAN 23). When 50% of the cells showed a cytopathic effect the monolayer was removed with 0.25 % trypsin and the resulting cell suspension was fixed in 5% gluteraldehyde and post-fixed in Palade's buffered osmic acid before spinning down to form a solid pellet. The Table I . With the exception of CAN 309, which was isolated direct from minced tissue, the details of each strain of virus are given in Table I .
The infectivity titres of the viruses given in Table I No agent was isolated when 10 % suspensions of biopsy material, in 0.75 % bovine plasma albumin (Armour fraction V) in a phosphate buffer of pH 7.4, were inoculated into newborn mice intracerebrally, intraperitoneally, and subcutaneously. Tissue-culture virus, however, when inoculated intracerebrally into newborn mice produced sickness, runting, and an " oilycoat " appearance. Paralysis followed later. When adapted to mice the virus titred between 10-5-2 and 10-6.8 LD50/ml. Mice dimensions found for the three strains from our micrographs are given in Table III , which also includes the recognized figures for this group of viruses (Vasquez and Tournier, 1962) . Vasquez and Tournier (1962) .
Discussion
Related strains of virus have been isolated from the tumour tissue of seven cases of Burkitt's lymphoma. In one case an isolation was also made from a normal lymph node excised three weeks after the original tumour biopsy, when the tumour was regressing under chemotherapy. All but two of the isolations were made only in cells maintained in serum-free medium. All strains produced the illness in mice characteristic of reovirus type 3 and are neutralized by antiserum against one strain, CAN 230. A certain degree of antigenic heterogeneity is apparent when compared with the prototype strain of reo 3, but this is very common within the reovirus group (Bell, 1965) . These 10 strains of virus can therefore be classified as reovirus type 3.
Only six of the seven cases came from Mulago Hospital, while the seventh was from Ngora. This indicates that reovirus type 3 is associated with at least a proportion of the cases of Burkitt's lymphoma and has not been picked up as a hospital infection. In view of the negative results obtained by Girardi et al. (1962) , using similar methods on a variety of human tumours, the significance of these findings must be considered.
Burkitt's lymphoma was originally believed to occur only in that part of Africa bounded by the parameters-mean monthly temperature never less than 600 F. (150 C.) and/or an annual rainfall of not less than 20 in. (50 cm.) (Haddow, 1963) . This observation led Davies to put forward the hypothesis that an arthropod-borne virus might play a part in the causation of the tumour (Burkitt, 1962) . It is also known that there is a high incidence in New Guinea, which has a climate similar to that of tropical Africa (ten Seldam et al., 1966 Dorfman, 1965; Wright, 1965) . These areas are well outside the originally defined parameters, and, in the case of England, completely outside the known areas of distribution of any arthropod-borne virus. Haddow (1964) stated that there was nothing in the age distribution of cases to conflict with the view that an arbovirus could be the causative agent. Though the greatest incidence of Burkitt's lymphoma is in children, occasional cases do occur in adults. Recent analysis of the adult cases in Uganda has shown that they have occurred mainly in immigrants from areas which are free of the disease-that is, Kigezi District and the Republic of Ruanda. Both these areas fall outside the climatically defined lymphoma belt (Burkitt and Wright, 1966 (Bell, 1965 ; Parker et al., 1965) . Stanley (personal communication) has recently obtained a murine lymphoma after inoculation of mice with reovirus type 3.
Members of the herpesvirus group have also been demonstrated frequently (Epstein et al., 1964 ; Woodall et al., 1965; Simons and Ross, 1965; Stewart et al., 1965; Allbrook et al., 1966) (Bell et al., 1964) and which continue to show a higher incidence of antibody to reovirus type 3 in the lymphoma sera than in the controls.
Summary
Twelve strains of virus have been isolated from nine cases of Burkitt's lymphoma. Ten of these, from seven cases, are reovirus type 3. One of the others appears to be herpes simplex, while the twelfth has not yet been identified. The appearance of these reovirus strains in the electron microscope and their effects on mice were characteristic, and it is concluded that reovirus is associated with at least a proportion of the cases of Burkitt's lymphoma. The implications of these findings are discussed in the light of new epidemiological evidence.
